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Abstract 
Post mortem enzymatic proteolysis changes tough intact muscle tissue into tender meat. The extend of muscle 
protein proteolysis greatly determines the quality of the meat: inadequate proteolysis produces tough meat, too 
much proteolysis is associated with increased drip loss which also reduces tenderness and juiciness of the meat. 
While information on the proteolysis of several specific proteins is available, knowledge regarding the progress 
of proteolysis on the entire proteome of muscle tissue is limited. Furthermore, breed-specific differences have 
received little attention. Therefore, this study we investigated breakdown profiles of the longissimus proteome of 
Yorkshire and Duroc pigs. Multiple samples of longissimus muscle tissue of five pigs of each breed were 
collected and drip loss, cooking loss, shear force, as well as proteome profiles, using SELDI-TOF technology, 
were determined after 1, 2, 3, 7, and 10 days. Drip loss increased with ageing and was slightly higher in 
Yorkshire than in Duroc longissimus while cooking loss was unchanged during ageing and similar in both 
breeds. Shear force decreased with ageing time. Shear force decreased more in Yorkshire compared to Duroc, 
but profiles differed between animals. The number of peptides detected with SELDI-TOF was higher in York 
than in Duroc. It suggests a relationship between ageing-related levels of proteolysis and meat quality traits. 
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Zusammenfassung 
Enzymatische post mortem Proteolyse überführt intaktes Muskelgewebe in Fleisch. Dabei führt unzulängliche 
Proteolyse zu zähem Fleisch, zu starke Proteolyse führt zu erhöhtem Tropfsaftverlust, der auch die Weichheit 
und Saftigkeit des Fleisches verringert. Während Informationen über die Proteolyse einiger spezifischer Proteine 
vorhanden sind, ist das Wissen über Veränderungen des Proteoms während der Proteolyse begrenzt. Außerdem 
sind rassenspezifische Unterschiede bisher wenig berücksichtigt worden. Diese Studie zielt darauf ab, die Profile 
der M. longissimus Proteome während der Proteindegradation bei den Rassen Yorkshire und Duroc zu 
analysieren. Gewebeproben des M. longissimus von je fünf Schweinen der beiden Rassen wurden 1, 2, 3, 7 und 
10 Tage nach der Schlachtung gewonnen zur Bestimmung von Tropfsaftverlust, Kochverlust und Scherkraft 
sowie der Darstellung von Proteomprofilen mittels SELDI-TOF. Der Tropfsaftverlust erhöhte sich mit dem 
Altern und war beim Yorkshire etwas höher als beim Duroc. Beim Kochen blieben die Verluste unverändert 
während des Alterns und ähnlich in beiden Rassen. Die Scherkraft verringerte sich mit der Zeit. Die Abnahme 
war beim Yorkshire höher. Die Zahl der Peptiden, die mit SELDI-TOF ermittelt wurden, war beim Yorkshire 
höher als beim Duroc. Dies deutet auf einen Zusammenhang zwischen alterungsabhängigen Niveaus der 
Proteolyse und Fleischqualitätsmerkmalen hin. 
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  Introduction 
Skeletal muscle tissue formation in mammals is a prenatal process (REHFELDT et al., 
2004; STICKLAND et al., 2004). After birth the skeletal muscle develops further by 
length and hypertrophic growth (TE PAS and SOUMILLION, 2001). During life of 
the animal the muscle determines mobility and stability of the animal. Muscle tissue 
consists of many cell types including muscle fibers, adipocytes, neurons, endothelial 
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cells, etc. Muscle mass is determined mainly by muscle fibers. Due to different 
functional requirements muscles differ in muscle fiber type composition. Muscle fiber 
types differ in metabolic activity and can be recognized by the expression of muscle 
fiber type-specific proteins (REGGIANI and MASCARELLO, 2004). 
After slaughtering muscle tissue becomes meat. Meat has different characteristics than 
muscle tissue during life. Post mortem processes called ‘ageing of meat’ change the 
alive-muscle characteristics into eatable meat characteristics. A major factor in ageing 
is the proteolysis of proteins that were required for functioning during life but which 
induce toughness in meat (KOOHMARAIE 1996; HOPKINS et al., 2002). Due to 
muscle fiber type differences the proteolysis may differ between muscles. Due to 
selection proteolysis may also differ between breeds even within a single muscle. 
Relatively little knowledge of the changes in the total tissue proteome during ageing 
(LAMETSCH, 2001, 2002, 2003), and muscle-specific and breed-specific differences 
have been reported. Therefore, we initiated this study by analyzing the proteome 
breakdown profiles during ageing in longissimus muscle in two pig breeds differing in 
pork quality parameters. 
 
 
  Materials and Methods 
 
Animals and sampling 
Five Yorkshire and five Duroc pigs, raised under similar conditions, were slaughtered 
at the same day. Growth rate data and backfat data were available for all animals. On 
the day of slaughter (day 0) longissimus and ham muscle tissue samples were taken 
from the right carcass side after the carcasses were rapid chilled for 30 min. Samples 
were taken 1.5 h after slaughter. The longissimus muscle was sampled between 
vertebrae three and four. Part of the samples were weighed and stored in an open box 
at 4 ℃ for drip loss measurements. Starting weights were about 200-300 g each. Part 
of the samples was snap frozen in liquid nitrogen and stored at -80 ℃ for future 
proteomics measurements. 
All other samples were taken at day 1 from the left carcass half which was stored 
intact at 4 ℃ New samples for drip loss measurements were taken and treated exactly 
as described above. Other samples were taken from between vertebrae four-five, etc. 
until vertebrae nine-ten. These samples were stored in a plastic bag at 4 ℃ and used 
for determination of cooking loss and shear force as described below. 
 
Meat quality traits 
In the slaughterhouse pH at 24 h, conductivity and meat color (Japanese color scale 
and Minolta) were determined at the day after slaughter. Drip loss was determined by 
weighing the samples on the day of taking the samples, and reweighing them after 
drying with a tissue on days 1, 2, 3, 4, 7 and 10. Cooking loss was determined by 
weighing longissimus samples, heating at 70 ℃ in a sealed plastic bag for 1 h and 
cooling under running tap water for 1 h at the same days. After weighing, the cooked 
samples were stored in a sealed plastic bag at -20 ℃ until shear force determination 
(HONIKEL, 1998). Each sample was measured six times by taking six sub-samples. 
 
Proteomics profiles 
Samples for proteomics were removed from the freezer and the water-soluble fraction 
of proteins was isolated. Samples were weighed (30-50 mg), placed in 1.5 ml lysis 
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buffer (10 mM Tris-HCl pH 7.25, 10 mM KCl, 2 % [v/v] Triton X-100, 1 mM PMSF), 
homogenized on ice using an Ultra-Turrax T25 with dispersion tool S25N-10G (9,000 
rpm, 20 s) and incubated on ice for 1 h and vigorously shaken occasionally. 
Subsequently, the homogenate was cleared by centrifugation (Eppendorf centrifuge, 
30 min, 15,000 rpm, 4 ℃ max d), the resulting supernatant was transferred to a new 
tube and stored at -80 ℃ until further processing. The protein concentration of the 
cleared supernatant was determined using the Bio-Rad DC assay (Bio-Rad, 
Veenendaal, The Netherlands). 
SELDI-TOF (Biorad) analysis was performed on the Protein Chip System Series 4000 
equipment and the data were analyzed using Ciphergen Express Software release 
3.0.6. After an initial screening the IMAC30-Cu (IMAC30 EDM buffer kit), CM10 
(pH5 buffer) and Q10 (pH 6 buffer) chip array types and binding buffer combinations 
were chosen. The different ProteinChip® arrays were equilibrated with the respective 
binding buffers containing 0.1 % Triton. Equal amounts of cleared lysate sample 
protein was loaded on the arrays together with the respective binding buffers (total 
volume 250 μl) using a Bioprocessor (Biorad) and incubated for one hour at room 
temperature with continuous shaking. After removal of the diluted sample extracts, the 
arrays were subsequently washed with the respective binding buffers followed by a 
quick rinse with deionised water. After air-drying the arrays at room temperature 
energy absorbing matrix sinapinic acid (SPA) in 50 % acetonitril and 0.5 % 
trifluoroacetic acid was added to each spot. Mass analysis of the bound proteins was 
performed using Protein Chip System Series 4000 (Biorad) in positive operating mode. 
Mass spectra were collected by the accumulation of lasershots at a laser intensity of 
3000 nJ. The highest mass to acquire was set at 150,000 kDa; Focus Mass setting was 
50,000 kDa. The instrument was calibrated by using the All-in-one Protein Standard II 
(Biorad). 
The EDM tool of the software was used to create clusters using the settings: 
S/n-ratio ≥3 and %-age occurrence of peak features=20 %. This means that clusters 
were created when 1 of 5 of the spectra contained a peak with an s/n ratio of ≥3. 
 
 
  Results 
Meat quality traits 
Drip loss did not differ between the Yorkshire and Duroc breeds in the longissimus 
muscle, but was significantly different between days of sampling: day of slaughter and 
day 1 (different carcass sides) as well as over time. After correction for correlated 
residuals Yorkshire carcasses had 0.15 % more drip loss than Duroc carcasses (not 
significant). Drip loss increases with day (Figure 1). 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1: Mean drip loss of longissimus and ham muscles of five Duroc and five Yorkshire carcasses from 
slaughter to ten days post mortem. 
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Cooking loss showed similar results as Yorkshire and Duroc breeds did not differ, but 
both breeds showed a significant day effect. Yorkshire pigs showed on average 
0.364 % more cooking loss than Duroc pigs (not significant), but this difference 
increased over time (Figure 2). 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2: Mean cooking loss of longissimus and ham muscles of five Duroc and five Yorkshire carcasses from 
slaughter to ten days post mortem 
 
Shear force repeated measurements on a single sample were not significantly different 
indicating good repeatability of the measurements. Shear force was also not different 
between Yorkshire and Duroc breeds with Yorkshire pigs being a little less tender than 
Duroc. Shear force decreased with day in a non-linear pattern (Figure 3). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3: Shear force measurements (averaged over 6 sub-samples) of longissimus and ham muscles of five Duroc 
and five Yorkshire carcasses from slaughter to ten days post mortem. 
 
Proteomics profiles 
Peak height was taken as a measure for expression level. The results show a profile of 
peaks representing different proteins. On average the profiles of Yorkshire pigs 
showed more peaks than the profiles of Duroc pigs (data not shown). 
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Analyzing the results in time suggest four different profiles of protein expressions 
(Figure 4). In figure 4 representative examples of protein features representative for 
the four classes of profiles are given. 
(1) Profile one suggests that the expression level at day zero is either very low or not 
existing. After day one the expression increases in time and continues to increase until 
the end of the experiment on day 10. The increase may either start on day one or on a 
later day indicating variation within this profile between individual peaks. This profile 
suggests that the peak is a degradation product. (2) Profile two start similar to profile 
one but reaches a maximum after which the expression decreases. This profile 
suggests that the peak is a degradation product that is degraded also. (3) Profile three is 
the opposite of profile one: starting a high expression the expression decreases. The 
profile suggests that the peak is an original muscle protein that is degraded. (4) Profile 
four indicates that the expression of the protein is unchanged over time suggesting that 
the protein is an original muscle protein that is not degraded. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4: Longissimus muscle proteome degradation profile types. Type 1: Expression at slaughter is low and 
increases during degradation. The time of the start of the increased expression varies between protein fragments 
(size). Suggestive for a degradation product. Type 2: Expression at slaughter is low and increases during 
degradation, but followed by a concomitant decrease. The times of the start of the increased expression and the 
decrease varies between fragments. Suggestive for a degradation product that itself is degraded further. Type 3: 
Expression at slaughter is high and decreases during degradation. The time of the start of the decreased 
expression varies between fragments. Suggestive for a muscle protein that is degraded. Type 4: Peak with a 
stable expression. Suggestive for a muscle protein that is not degraded during meat aging. 
 
 
  Discussion 
Conversion of muscle to meat is regulated by complex interactions of biochemical 
processes that take place during postmortem storage of the carcass (OUALI, 1992; 
KOOHMARAIE, 1996). Post mortem proteolysis is one such important process. 
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Especially the degradation of titin and nebulin, both located in the I-band, is of great 
interest as electron microscopy of post-mortem meat samples has shown that the major 
fragmentation of the myofibrils occurs in the I-band area (TAYLOR et al., 1995; 
BOYER-BERRI et al., 1998; HUFF-LONERGAN, 1995). Several studies have shown 
troponin T to be degraded postmortem, and this degradation is believed to be closely 
related to meat tenderness (OUALI, 1992; HO et al., 1994). However, the degradation 
of the entire proteome is poorly known. Present proteomics techniques enable the 
study of the proteome. 
Our results show that proteolysis continues during the whole period of sampling, i.e. 
until ten days after slaughtering the animal. While meat quality data showed that 
differences between animals and breeds are minimal, animals and breeds differed in 
proteome degradation profiles of the longissimus muscle proteome. This suggests that 
differences in meat quality between carcasses are related to differences in the 
degradation of the proteome. Differential rate of degradation or differences in the 
order of degradation of proteins may affect eating quality traits since pork is mostly 
partly degraded at the moment of consumption. Most fresh pork is consumed within a 
week. Characterization of the peptides leading to identification of the proteolytically 
cleaved muscle proteins may yield more insight in the process of tenderization.  
Further detailed studies are required with respect to this subject. 
From our study it can be concluded that SELDI-TOF is a highly efficient method for 
the detection of muscle protein degradation products which are generated during the 
meat tenderization process. Correlation of meat proteome degradation profiles with 
other meat quality data may lead to the identification of Biomarkers for meat quality 
traits that can be used in the slaughterhouse. Development of Biomarkers that can be 
used during breeding or fattening livestock is also envisioned. 
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